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a b s t r a c t
The Lajeado Group in the Ribeira Belt, southeastern Brazil, corresponds to an open-sea carbonate plat-
form, comprised of seven overlapping siliciclastic and carbonatic formations, intruded in its upper
portion by the Apiaí Gabbro. These rocks have a Neoproterozoic tectonometamorphic overprint related to
arc magmatism and the Brasiliano collisional orogeny. Geochronological constraints are given by new U-
Pb SHRIMP and LA-ICP-MS data for Lajeado Group detrital zircons and for magmatic zircons from the
Apiaí Gabbro. The youngest detrital zircons in the Lajeado Group are 1400e1200 Ma, and constrain its
maximum age of deposition to be <1200 Ma, whereas the 877  8 Ma age for magmatic zircons in the
Apiaí Gabbro give the minimum age. Detritus source areas are mainly Paleoproterozoic (2200e1800 Ma)
with some Archean and Mesoproterozoic contribution (1500e1200 Ma), with distal or tectonic stable
cratonic character. The Lajeado Group should be a StenianeTonian carbonate platform passive margin of
a continent at this time, namely the Columbia/Nuna or the Rodinia. The Apiaí Gabbro displays similar age
to other intrusive basic rocks in the Lajeado and Itaiacoca groups and represents tholeiitic MORB-like
magmatism that we relate to the initial break-up of a Mesoproterozoic continent and the formation of
the Brasiliano oceans.
 2015, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction
The Stenian-Tonian Lajeado Group in the Ribeira Belt, south-
eastern Brazil (Fig. 1), corresponds to an open-sea carbonate plat-
form and passive margin intruded in its upper portion by the Apiaí
Gabbro (Petri and Suguio, 1969; Pires, 1988; Campanha and
Sadowski, 1999).
Although the Ribeira Belt is considered a typical Neoproterozoic
orogen, in this Southern region, especially in the so called Apiaí
Terrane, most of its more representative metasedimentary se-
quences are older, and the Brasiliano/Panafrican cycle is expressed
mainly as continental arc-related granitic magmatism and an
oblique collisional tectonometamorphism and deformation
(Campanha and Sadowski, 1999; Campos Neto, 2000; Heilbron
et al., 2004; Faleiros et al., 2011; Campanha et al., 2015;
Henrique-Pinto et al., 2015).
Passive margins are widespread in the geologic time since at
least the Neoarchean. They are abundant in some periods, like the
end of the Neoproterozoic, but they are scarce in the Mesoproter-
ozoic (Grotzinger and James, 2000; Bradley, 2008, 2011). This is
exemplified in the case of the Gondwana, where carbonate plat-
forms and passive margins are widespread during the Neo-
proterozoic (mainly in the Ediacaran), but are significantly less
known from the Mesoproterozoic. The periods with abundance of
passive margins are usually associated with the dispersion of the
supercontinents, like the Pangea break-out with the classic Atlantic
type margins. On the other hand, the periods of supercontinent
amalgamation are correlated with extensive active and orogenic
margin development.
The Mesoproterozoic is dominated by the break-up of the
Columbia supercontinent (also known as Nuna), and the forma-
tion of the Rodinia supercontinent at the end of the
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Mesoproterozoic and the beginning of the Neoproterozoic (Rogers
and Santosh, 2009; Roberts et al., 2015), although some authors
suggested that Columbia may have been converted to Rodinia
without a true dispersal (Piper, 2013; Roberts, 2013). In this
context the characterization of a Mesoproterozoic to early Neo-
proterozoic open-sea carbonate platform and passive margin
provides important information regarding configuration of pre-
Gondwana continents.
In this paper we present new U-Pb SHRIMP and LA-ICP-MS data
for Lajeado Group detrital zircons and for magmatic zircons from
the Apiaí Gabbro, and discuss their regional correlations and im-
plications for Gondwana and pre-Gondwana paleogeographies.
Figure 1. Simplified geotectonic map of part of South America (a), and simplified geological map of the southern portion of the Ribeira Belt (b) (after Campanha et al., 2015).
Geological units: Itaiacoca Group (Ic), Água Clara Formation (Ac), Lajeado Group (L), Votuverava Group (V), São Roque Group (Sr), Serra do Itaberaba Group (It), Tigre Gneiss (T),
Capirú Formation (C), Turvo-Cajati Formation (Tc), Rio das Cobras Formation (Rc), Atuba Complex (At).
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2. Regional geology
The Lajeado Group belongs to the Apiaí terrane of the Ribeira
Belt in southeastern Brazil. The Ribeira Belt is a NE-trending
accretionary-to-collisional orogen related to the assembly of West
Gondwana during the Neoproterozoic (Almeida et al., 1973; Hasui
et al., 1975; Porada, 1979; Campos Neto and Figueiredo, 1995;
Campanha and Sadowski, 1999; Campos Neto, 2000; Heilbron
et al., 2004). Hence it is an assemblage of tectonostratigraphic
terranes accreted during the late Neoproterozoic, that have been
partitioned by a late, orogen-parallel, crustal-scale transcurrent
shear system (e.g., Dürr and Dingeldey, 1996; Campanha, 2002;
Campanha and Brito Neves, 2004; Faleiros et al., 2010, 2011)
related to an oblique collision between the Paranapanema, São
Francisco, Luís Alves and Congo cratons.
The southern Ribeira Belt is limited to the north by the Para-
napanema craton (covered by the Paleozoic Paraná sedimentary
basin) and to the south by the Luís Alves cratonic terrane. The
southern Ribeira Belt can be divided into the Apiaí and the Curitiba
domains or terranes, bounded by the Lancinha-Cubatão strike-slip
shear zone which has been considered a late Neoproterozoic plate
boundary (Fig. 1; Basei et al., 2008; Faleiros et al., 2011).
South of the Lancinha - Cubatão shear zone, the Curitiba Terrane
is essentially composed of a TTG-type migmatitic orthogneiss suite
(Atuba Complex) and Neoproterozoic shallow continental-shelf
metasedimentary assemblages (Turvo-Cajati and Capiru Forma-
tions) (Faleiros et al., 2011).
The Apiaí Terrane comprises extensive carbonate platforms,
such as the Itaiacoca and Lajeado Groups.While the Itaiacoca Group
represents deposits from very shallow waters, the Lajeado Group
represents gradually deepening water lithofacies. They were
considered to have formed on the passive margin of the Para-
napanema Craton continent (Campanha and Sadowski, 1999;
Campos Neto, 2000; Fig. 1a). The Apiai Terrane also included the
Votuverava Group, a Calymmian (1490 Ma) metavolcano-
sedimentary composed mainly of distal turbidites with significant
basic magmatism of back arc affinity (Campanha et al., 2015).
Known Ediacaran metavolcano-sedimentary units in the Apiai
Terrane are restricted to the Iporanga and Abapã formations
(Campanha et al., 2008a; Siga Jr. et al., 2009). In the Apiaí terrane,
Neoproterozoic ages have mainly been acquired from the
extensive arc-related plutonism that intrudes these sequences
and for the tectono-metamorphism that affected its metasedi-
mentary rock formations (Campanha and Sadowski, 1999).
Campos Neto (2000) related this arc magmatism with the
development of an Andean-style active arc on the previously
passive margin of the Paranapanema Craton. This arc is repre-
sented by the few hundred kilometers long granitic batholits of
Cunhaporanga, Três Córregos and Agudos Grandes (Fig. 1)
composed of metaluminous, I-type suites of medium to high-K
calc-alkaline affinity with ages from 630 to 600 Ma (Takahashi
et al., 1986; Theodorovicz et al., 1988; Chiodi Filho et al., 1989;
Wernick et al., 1990; Gimenez Filho, 1993; Reis Neto, 1994;
Gimenez Filho et al., 1995; Janasi et al., 2001; Prazeres Filho,
2005). Subsequent collisional tectonics took place at
600e590 Ma followed by strike-slip, exhumation and extensional
tectonics up to ca. 530 Ma (Faleiros et al., 2011).
The Apiaí terrane in the studied area (Fig. 2) comprises the
Lajeado and Votuverava groups and the Iporanga Formation, as well
granitic and basic intrusions (Campanha and Sadowski, 1999).
Figure 2. Simplified geological map and cross section emphasizing the Lajeado Group and its formations (modified from Campanha, 1991; Faleiros et al., 2012). Also shown are the
location of studied samples.
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3. The Lajeado Group
The Lajeado Subgroup (Campanha et al., 1985, 1986; Campanha
and Sadowski, 1999), later named as Lajeado Group (Faleiros et al.,
2012) is composed of alternating terrigenous clastic and carbon-
ate formations, interpreted as deposited on a open-sea shelf. It
corresponds to the central belt of carbonate rocks of Bigarella
(1948) and Marini and Bigarella (1967), to the Açungui III Forma-
tion of Daitx et al. (1983) and MMAJ/JICA (1981, 1982, 1983). Its
outcrop area extends about 130 km in a NEeSW trend and is
bounded bymajor shear zones. The upper part of the Lajeado Group
was intruded by the Apiaí Gabbro (Figs. 2 and 3).
In the studied area the southeastern limit of the Lajeado Group
with the Iporanga Formation (Campanha et al., 2008a) is the Fig-
ueira shear zone. On its western side the Lajeado Group is intruded
by the Itaoca Granite, developing a metamorphic aureole with
quartz þ muscovite þ biotite þ andalusite/sillimanite. Meter- to
hectometer-skarn enclaves and roof pendants inside the Itaoca
Granite are interpreted as derived from the Lajeado Group. To the
north, the QuarentaeOitava shear zone limits the Lajeado Group
from the Três Córregos arc-related granites and the Água Clara
Formation (Figs. 1 and 2). Campanha et al. (1987) and Campanha
and Sadowski (1999) had correlated the Lajeado Group with the
Antinha Formation (Dias and Salazar Jr., 1987), to the south in the
Paraná State, although both comprise isolated transcurrent shear
megalenses.
A stratigraphic subdivision for the Lajeado Group was first
proposed by Barbosa (1941) and Geoffrey and Santos (1942), and
has been reviewed by MMAJ/JICA (1983), Campos Neto (1983),
Daitx et al. (1983), Chiodi Filho (1984), Hasui et al. (1984),
Campanha et al. (1985, 1986), Pires (1988, 1990, 1991), Campanha
(1991), Campanha and Sadowski (1999) and Faleiros et al. (2012).
The currently accepted column is portrayed in Fig. 3. The type-
section crops out along the road between Apiaí and Iporanga
towns.
The geological section of the studied type area is shown in Fig. 2,
where it reaches more than 5000 m in thickness. The structural
style is characterized by broad open folds with subhorizontal NE-
trending hinges and a steep NW-plunging axial planar slaty
cleavage. Crenulation cleavages have been locally observed. Beds in
the type-section are usually upright, except near the Figueira shear
zone, where they are steeply overturned. Evidence of bed-parallel
shearing along the contacts between the upper formations of the
Lajeado Group is observed and these are suspected to be
allochthonous or parautochthonous to the lower parts of the
Group. Kinematic indicators show SE-directed tectonic transport.
The metamorphism related to the slaty cleavage belongs to the
lower chlorite zone. Chloritoid porphyroblasts are syn- to post ki-
nematic in relation to a local S2 crenulation cleavage.
The Lajeado Group is subdivided into seven formations (Figs. 2
and 3). The basal terrigenous Betari Formation starts with meta-
sandstones and oligomitic metaconglomerates interpreted as
alternating A-B turbiditic levels, grading towards the top into
thinner metarythmites interpreted as a series of C-D-E turbidite
levels, suggesting a transgressive sequence. It is covered by two
dark-gray calcitic limestone formations, Bairro da Serra andMina de
Furnas, which are interstratified with sparse thin phyllite layers, the
thickest of which was called the Água Suja Formation. The lime-
stone banks show submetric hummocks, graded bedding, slump
breccias and locally ripple marks. They seem to reflect a distal shelf
environment but still within the reach of storm effects. The upper
Mina de Furnas limestones are overlaid by the Serra da Boa Vista
Formation of pale colored meter thick fine-grained sandstone
banks locally with thin layers of finer clastic rocks, small ripple
marks and metric sigmoidal shape banks. These sandstones are
overlain by the Passa Vinte Formation, a limestone with restricted
areal distribution, which represents the only very shallow water
facies of the Lajeado Group, locally exhibiting algal mats. The upper
unit is the Gorutuba Formation which is characterized by very thin-
grained distal rhythmites including interbedded siltstones, mud-
stones, marls and locally limestones. Its sheared contact with the
underlying Passa-Vinte limestone and the apparent incompatibility
between the sedimentary facies suggests that the Gorotuba For-
mation could be allochtonous.
Petri and Suguio (1969) considered that the sequences now
called the Lajeado Group were deposited in a neritic platform
environment far from the coast and suggested that the oligomitic
metaconglomerates from the base of the Group constitute proximal
turbidites or fluxturbidites. Campanha et al. (1985, 1986, 1987),
Campanha and Sadowski (1999) also considered a paleogeog-
raphy of continental shelf, slope and abyssal plain, respectively for
the Lajeado Group, the Iporanga Formation and the Votuverava
Group. Later, the last two are demonstrated to have distinct
depositional ages, Ediacaran for Iporanga Formation and Calym-
mian for the Votuverava Group (Campanha et al., 2008a,b, 2015).
Pires (1988) considered the Lajeado Group as a succession of tur-
biditic systems, where the variation of the sea level would be the
Figure 3. Lajeado Group, stratigraphic column (after Campanha et al., 1985, 1986;
Campanha, 1991).
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main factor for the accumulation of sediments, as was also stated by
Barbour et al. (1990) for whom the tectonic environment was also a
continental shelf. Pires (1991) considered the carbonate sequence
as progrational in character and related to a regressive episode,
represented by wave-influenced, shallow platform to slope (car-
bonate ramp) sediments. A passive margin was assumed by
Campanha and Sadowski (1999) and Campos Neto (2000), related
to the Paranapanema continent to the NW. The paleocurrent di-
rections in Lajeado Group (Petri and Suguio, 1969; Campanha et al.,
1985, 1986; Pires, 1988, 1990, 1991; Campanha, 1991) support this
assertion. Heavy minerals provenance study showed textural and
mineralogical maturity suggesting a distal or tectonically stable
source area, in a passive margin with cratonic source areas
(Nobrega et al., 2006). The large thickness of the entire column, the
facies distribution and lateral variability are more consistent with a
passive margin environment than a cratonic shallow sedimentary
cover.
4. The Apiaí Gabbro
The Apiaí Gabbro (Morgental et al., 1975; Campanha, 1991;
Campanha and Sadowski, 1999; Archanjo et al., 2012; Faleiros
et al., 2012; Oliveira et al., 2012) forms a lopolith-like intrusion
emplaced in the upper units of the Lajeado Group, especially the
Gorutuba Formation, with an exposed area about 30 km2. Similar
metabasic rocks intrude others formations of the Lajeado Group
south of the studied area (Maniesi, 1997; Maniesi and Oliveira,
2000, 2002; Oliveira et al., 2002). It is composed of gabbro, dia-
base or microgabbro with augite þ hypersthene þ andesine-
labradorite plagioclase and accessory magnetite and ilmenite. The
rocks show equigranular, nonfoliated and medium-grained ophitic
to subophitic textures. Intergrowth of hornblende and biotite in
corroded edges of augite and hypersthene and the occurrence of
chlorite veinlets are evidence of late incipient hydrothermal ac-
tivity. The rocks have SiO2 of 49e52 wt.%, positive 3Nd values and
can be classified as subalkaline tholeiitic basalts with closer
compositional similarities to MORB (Frascá et al., 1997; Oliveira
et al., 2002, 2012). Due its typical magmatic microstructure and
nonaltered mineralogy, Campanha and Sadowski (1999) proposed
that the Apiaí pluton could be a post-tectonic intrusion. On the
other hand, Archanjo et al. (2012) provided evidence frommagnetic
fabric and textural studies that it is a pre-tectonic folded sill-like
body. The contacts of the Apiaí Gabbro with the country rocks are
mainly concordant but locally discordant. Contact metamorphism
is observed mainly with the Gorutuba Formation where a meter-
scale hornfels zone is developed, mainly in metamarls, with ran-
donly oriented millimetric euhedral crystals of diopside, actinolite,
calcite, epidote, quartz.
5. Geochronology
5.1. Former geochronological data
As volcanic intercalations in the Lajeado Group are not known,
there is not a direct absolute age for its deposition. Granite in-
trusions on the Lajeado Group gave ages of 612 3 Ma (Itaóca
Granite, U-Pb SHRIMP, Salazar et al., 2013) and 605.4 3.5 Ma
(Apiaí Granite, U-Pb, Hackspacher et al., 2000). Geochronological
studies for the Apiaí Gabbro had yielded different results. Amaral
et al. (1966) reported a 123.5 Ma K/Ar age, although the geolog-
ical evidence pointed for a Precambrian age. Silva et al. (1981)
presented a 675 41 Ma plagioclase K/Ar age. Daitx et al. (1983)
reported that six samples have ages between 800 and 3000 Ma,
probably due to excess Argon. Daitx et al. (1990) presented Rb/Sr
isochron providing a 850 85 Ma age with initial 87Sr/86Sr ratio of
0.705, and interpreted this as the intrusion age. Hackspacher et al.
(2000) provided a U-Pb age for one zircon and one monazite frac-
tion yielding discordant ages with a lower intercept of 6174 Ma
and an upper of around 2100 Ma, the latter being interpreted as
showing pre-magmatic inheritance. Oliveira et al. (2002) presented
a Sm/Nd isochron using whole rock, plagioclase and pyroxene
which yielded 885 53 Ma for the Apiaí Gabbro and 820 84 Ma
for the Adrianópolis metabasite which is a correlated body. They
also recalculated the Daitx et al. (1990) Rb/Sr isocron age giving
839 85 Ma. Tassinari et al. (1990) analysed former and new Pb
and Sr isotope data for hydrothermal galena veins cutting the
Lajeado Group limestones, suggesting the formation of these veins
by remobilization from crustal sources due a metamorphic event
around 1100e1400 Ma.
5.2. Analytical methods
Zircons were extracted from 100e200 mesh fractions using
standard isodynamic, gravimetric and magnetic techniques. The
grains were hand-picked using a binocular microscope. Cath-
odoluminescence (CL) and scanning electron microscope (SEM)
images were used to identify the best points for U-Pb analysis,
avoiding fractures, inclusions or metamict areas that may have
experienced Pb loss.
SHRIMP U-Pb data were obtained using a w25 mm diameter
spot. Details of the analytical procedure, as well as of the calcula-
tions of the analytical errors are presented in Stern (1998) and
Williams (1998). The decay constants and current 238U/235U of
Steiger and Jager (1977) has been used to calculate ages. U con-
centrations were calculated using the SL13 standard (U¼ 238 ppm)
and 206Pb/238U ratios were calibrated using the FC1 standard
(concordant, 1099 Ma). UePb analyses by LA-MC-ICP-MS were
carried out using the Finnigan Neptune coupled to an eximer ArF
laser (193 nm) ablation system. The mounts containing zircons
were cleaned in a HNO3 solution (3%) and in ultraclean water bath.
The ablation was done with spot size of 29 mm, at a frequency of
6 Hz and an intensity of 6mJ. The ablatedmaterial was carried by Ar
(w0.7 L/min) and He (w0.6 L/min) and analysis was undertaken in
60 cycles of 1 s. Unknowns were bracketed bymeasurements of the
international standard GJ-1, following the sequence 2 blanks, 3
standards, 13 unknowns, 2 blanks, and 2 standards. Raw data were
reduced off-line with corrections for background, instrumental
mass bias drift and common Pb.
The ages for Neoproterozoic zircons are derived from 206Pb/238U
ratios, following correction for common Pb by the 207Pb method
(Compston et al., 1984) and use of the Cumming and Richards
(1975) model Pb composition for the likely age of the zircons. For
inherited cores of >1000 Ma zircon, 207Pb/206Pb dates are pre-
sented, following correction for common Pb based on measured
204Pb. Dates calculated in this paper are weighted mean 206Pb/238U
Figure 4. Cathodoluminescence image of dated zircons from the sample FS-31 of Apiaí
Gabbro.
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dates (analyses inverse-variance weighted, 95% confidence and
rounded to the nearest million year), based on grouping of sites
interpreted from CL images to belong to one generation of zircon.
The dates were calculated using the program Isoplot (Ludwig,
1999). Results are summarized as 207Pb/206Pb e 206Pb/238U Tera-
Wasserburg plots.
5.3. Results
The Apiaí Gabbro gave a small yield of prismatic to angular-
anhedral zircons with lamellar to oscillatory zoning (Fig. 4). Apart
from two analyses on the margins of grain 4, other sites had
moderate U content with high Th/U > 1, typical of zircons grown
from gabbroic magma. Twelve zircons from a sample of the Apiaí
Gabbro (sample FS-31, Table 1) were analysed by SHRIMP at the
Beijing SHRIMP Center. Ten zircons give concordant ages with a
weighted mean 206Pb/238U age of 877 8 Ma (Fig. 5 and Table 1),
interpreted as the time of magmatic emplacement. Two sites at
edges of a single grain (4.1 and 4.2) showed younger ages (about
600 Ma) with lower Th/U, and are interpreted as indicating a
metamorphic and/or hydrothermal event. A high-U site on grain 5
gave discordant ages.
Detrital zircons of two Lajeado Group metasedimentary rocks
(IP-61 and LAJ-09) were analysed. The grains in both samples show
variable degrees of roundness, indicated by truncation of oscilla-
tory zoning at their margins (Figs. 6 and 7). This shows that at least
some grains underwent protracted recycling in surficial systems.
Sample LAJ-09 is a metasandstone from one of the upper units, the
Serra da Boa Vista Formation (Figs. 2 and 3). Sixty four zircons were
analysed by LA-ICP-MS at the University of São Paulo. Most analyses
Table 1














(%)206Pb/238U Error 207Pb/206Pb Error
1.1 fr,m,hd 194.5 1.07 34 13 0.14325 0.00559 1.3506 0.08622 0.06838 0.00314 863 32 880 98 98
2.1 p,m,hd 504.2 1.52 97 13 0.14608 0.00486 1.39781 0.05261 0.0694 0.00097 879 27 911 29 97
3.1 an,e,hd 176.0 1.29 33 28 0.15077 0.00511 1.43799 0.09329 0.06917 0.00355 905 29 904 109 100
4.1 r,e,osc 1002.9 0.21 87 64 0.09358 0.00377 0.76437 0.0361 0.05924 0.0012 577 22 576 45 100
4.2 r,e,osc 975.2 0.21 86 62 0.09274 0.00366 0.76961 0.03575 0.06019 0.00121 572 22 610 44 94
5.1 fr,e,hd 1013.5 0.96 75 77 0.06376 0.00306 0.4993 0.0412 0.05679 0.00349 398 19 484 142 82
6.1 an,m,hd 183.8 1.24 34 13 0.14686 0.005 1.37198 0.0802 0.06776 0.00295 883 28 861 93 103
7.1 eq,m,sz 658.2 1.37 119 24 0.14264 0.00668 1.31854 0.06712 0.06704 0.001 860 38 839 31 102
8.1 an,m,sz 241.8 1.39 45 25 0.1465 0.00519 1.34194 0.06304 0.06644 0.00178 881 29 820 57 108
9.1 p,e,sz 273.2 1.13 47 21 0.14208 0.00486 1.33549 0.06794 0.06817 0.00229 856 28 874 71 98
10.1 an,e,d 625.1 1.51 118 28 0.14459 0.00515 1.38289 0.05543 0.06936 0.00101 871 29 910 30 96
11.1 fr,m,sz 446.8 1.19 80 31 0.14526 0.00397 1.37568 0.05374 0.06869 0.0017 874 22 889 52 98
12.1 r,m,sz 746.0 1.70 139 10 0.13764 0.00736 1.31029 0.0762 0.06904 0.00118 831 42 900 36 92
x.y: grain number followed by analysis number.
Grain habit: p ¼ prism, eq ¼ equant, fr ¼ fragment.
Site: e ¼ end or edge, m ¼ middle, r ¼ rim/overgrowth.
CL image microstructure: osc ¼ oscillatory zoning, h ¼ homogeneous (d ¼ dark or b ¼ bright); sz ¼ sector zoned.
U-Pb data corrected for non-radiogenic Pb based on measured 204Pb and 900 Ma model Pb of Cumming and Richards (1975).
All uncertainties are 1s.
Figure 5. Tera-Wasserburg 238U/206Pb versus 207Pb/206Pb diagram for zircons from
sample FS31 of the Apiaí Gabbro.
Figure 6. Cathodoluminescence image of the detritic zircons from metasandstone
sample LAJ-09 from the Serra da Boa Vista Formation, Lajeado Group.
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yielded close to concordant ages (Fig. 8a,b, Table 2). There is a
dominant population with ages of 2200e2000 Ma. There are a few
older grains up to Mesoarchaean age (maximum 3300 Ma), plus a
minor population at 1800e1700 Ma. A single grain (analysis 31.1)
gives an age of w1200 Ma, which is the youngest detritical zircon
obtained. Sample IP-61 is from a metaconglomerate of the Lajeado
basal unit, the Betari Formation (Figs. 2 and 3). Nineteen zircons
(Fig. 8c,d) were analysed by SHRIMP at the Australian National
University. The majority of the grains showed ages between 1750
and 2000 Ma, one grain (20.1) yielded a w2740 Ma age and two
others (10.1 and 16.1) have Mesoproterozoic ages (w1500e1400
Ma; Fig. 8c,d, Table 3).
6. Discussion
The youngest detrital zircons in the Lajeado Group indicate
deposition after 1400e1200Ma, whereas the 877 8Ma age on the
Apiaí Gabbro, gives the minimum age of deposition. The analyses of
detrital zircon grains presented here show the importance of
Palaeoproterozoic source areas (2200e1800 Ma) with some
Archean and Mesoproterozoic (1500e1200 Ma) contributions.
These results are compatible with those presented by Basei et al.
(2005) and Siga Jr. et al. (2011) for the Ribeira Belt, south of the
present area.
The presence of some w1400 Ma detrital zircons could suggest
provenance of some detritus from the neighboring Votuverava
Group (Campanha et al., 2008b; Siga Jr. et al., 2011; Campanha et al.,
2015). However zircons of this age in the Votuverava Group are
derived from metabasic rocks and are notably different from the
detrital rounded zircons from the Lajeado Group. Previous publi-
cations showed that detrital zircons from the Apiai terrane are
Palaeoproterozoic and Archaeanwith a main peak atw2.2 Ga. Basei
et al. (2008) proposed “African” and a “South American” signatures
with different detrital zircon ages across West Gondwana. While
the Ribeira (understanding “Ribeira” mainly as the Apiaí terrane)
sources are only Palaeoproterozoic and Archaean, the sources for
the southern Dom Feliciano belt and the African Damara and
Figure 7. Cathodoluminescence image of the detrital zircons from sample IP061, a
metaconglomerate from the Betari Formation, Lajeado Group.
Figure 8. Tera-Wasserburg 238U/206Pb versus 207Pb/206Pb diagram and frequency diagrams for detrital zircon grains from samples LAJ-09 (a metasandstone from the Serra da Boa
Vista Formation) (a,b) and IP-61 (a metaconglomerate from the Betari Formation) (c,d).
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Table 2
Analytical results for detrital zircons of sample LAJ09 from Lajeado Group, Serra da Boa Vista Formation.
Labels Site Ratios Ages (Ma) Concord.
%
LAJ-09 207Pb/235U Error 206Pb/238U Error Error
corr.
238U/206Pb Error 207Pb/206Pb Error 208Pb/206Pb Error 206Pb/238U Error 207Pb/206Pb Error
1.1 4.6303 0.0570 0.3195 0.0024 0.61 3.1298 0.0235 0.1047 0.0006 0.4196 0.1337 1787 0.012 1714 0.011 104
2.1 8.4404 0.1021 0.4485 0.0033 0.61 2.2296 0.0165 0.1372 0.0006 0.2840 0.0933 2389 0.015 2188 0.008 109
3.1 6.8414 0.0885 0.3850 0.0031 0.63 2.5971 0.0210 0.1303 0.0006 0.2427 0.0826 2100 0.014 2099 0.008 100
4.1 7.2100 0.0848 0.4048 0.0028 0.58 2.4701 0.0168 0.1296 0.0006 0.1977 0.0696 2191 0.013 2089 0.008 105
5.1 7.4002 0.0939 0.3984 0.0032 0.62 2.5102 0.0199 0.1349 0.0007 0.2544 0.0929 2162 0.015 2159 0.008 100
6.1 7.9831 0.1042 0.4108 0.0032 0.59 2.4342 0.0188 0.1413 0.0008 0.4215 0.1600 2219 0.015 2238 0.010 99
7.1 6.8618 0.0821 0.3864 0.0027 0.58 2.5883 0.0180 0.1290 0.0006 0.2763 0.1084 2106 0.012 2082 0.008 101
8.1 7.5822 0.0909 0.4152 0.0029 0.58 2.4082 0.0168 0.1330 0.0006 0.0530 0.0218 2239 0.013 2134 0.008 105
9.1 10.4964 0.1537 0.4811 0.0050 0.71 2.0787 0.0216 0.1597 0.0012 0.9968 0.4277 2532 0.022 2449 0.013 103
10.1 7.7306 0.0928 0.4140 0.0029 0.59 2.4156 0.0172 0.1361 0.0006 0.2512 0.1126 2233 0.013 2174 0.008 103
11.1 8.3601 0.0990 0.4385 0.0030 0.58 2.2805 0.0157 0.1385 0.0006 0.1966 0.0923 2344 0.014 2204 0.008 106
12.1 8.0765 0.0971 0.4163 0.0029 0.58 2.4019 0.0168 0.1412 0.0007 0.4046 0.1994 2244 0.013 2237 0.008 100
13.1 7.5424 0.0892 0.4070 0.0027 0.57 2.4568 0.0166 0.1353 0.0006 0.2983 0.1548 2201 0.013 2164 0.008 102
14.1 6.8844 0.0511 0.3909 0.0024 0.82 2.5580 0.0156 0.1279 0.0003 0.2401 0.1147 2127 0.011 2067 0.004 103
15.1 7.5550 0.0562 0.4027 0.0025 0.82 2.4833 0.0152 0.1363 0.0003 0.2879 0.1332 2181 0.011 2177 0.004 100
16.1 7.2559 0.0541 0.3948 0.0024 0.82 2.5329 0.0155 0.1336 0.0003 0.2472 0.1108 2145 0.011 2142 0.004 100
17.1 7.7664 0.0583 0.4113 0.0025 0.81 2.4312 0.0148 0.1371 0.0003 0.3245 0.1411 2221 0.011 2186 0.004 102
18.1 8.3558 0.0623 0.4416 0.0027 0.81 2.2644 0.0137 0.1374 0.0003 0.2111 0.0891 2358 0.012 2191 0.004 108
19.1 6.1717 0.0511 0.3657 0.0026 0.85 2.7348 0.0193 0.1230 0.0004 0.3496 0.1434 2009 0.012 2000 0.005 100
20.1 6.6879 0.0504 0.3741 0.0023 0.82 2.6734 0.0166 0.1295 0.0004 0.5390 0.2158 2048 0.011 2088 0.005 98
22.1 7.7867 0.0583 0.4102 0.0025 0.82 2.4379 0.0151 0.1381 0.0003 0.3113 0.1177 2216 0.012 2199 0.004 101
24.1 6.6269 0.0512 0.3742 0.0023 0.80 2.6720 0.0165 0.1288 0.0003 0.4194 0.1507 2049 0.011 2078 0.004 99
25.1 8.5533 0.0637 0.4294 0.0026 0.82 2.3288 0.0143 0.1449 0.0004 0.5171 0.1813 2303 0.012 2282 0.004 101
26.1 7.4881 0.0560 0.4111 0.0025 0.82 2.4328 0.0149 0.1326 0.0003 0.7332 0.2510 2220 0.011 2129 0.004 104
27.1 7.7491 0.0465 0.4101 0.0013 0.52 2.4385 0.0077 0.1378 0.0006 0.4957 0.1396 2215 0.006 2196 0.007 101
28.1 7.8572 0.0491 0.4173 0.0013 0.48 2.3965 0.0072 0.1387 0.0006 0.3729 0.1061 2248 0.006 2207 0.007 102
29.1 6.4744 0.0387 0.3722 0.0014 0.63 2.6866 0.0102 0.1268 0.0005 0.2581 0.0742 2040 0.007 2052 0.007 99
30.1 13.9890 0.0779 0.5533 0.0015 0.50 1.8074 0.0050 0.1843 0.0007 0.3362 0.0977 2839 0.006 2694 0.007 105
32.1 6.0893 0.0353 0.3674 0.0012 0.56 2.7221 0.0088 0.1204 0.0005 0.4457 0.1326 2017 0.006 1962 0.007 103
33.1 8.7091 0.0535 0.4362 0.0014 0.53 2.2927 0.0074 0.1453 0.0006 0.1554 0.0466 2333 0.006 2287 0.007 102
34.1 6.6257 0.0390 0.3808 0.0012 0.54 2.6257 0.0083 0.1264 0.0005 0.2646 0.0804 2080 0.006 2046 0.007 102
34.2 7.2248 0.0437 0.4147 0.0015 0.60 2.4111 0.0088 0.1275 0.0005 0.2400 0.0737 2237 0.007 2062 0.007 108
35.1 9.2033 0.0555 0.4528 0.0015 0.53 2.2085 0.0071 0.1484 0.0006 0.3486 0.1083 2408 0.006 2323 0.007 104
36.1 7.9804 0.1117 0.4246 0.0030 0.50 2.3550 0.0165 0.1366 0.0011 0.5108 0.2577 2281 0.013 2180 0.013 105
37.1 7.7716 0.1078 0.4152 0.0028 0.49 2.4088 0.0165 0.1362 0.0010 0.4453 0.2159 2238 0.013 2175 0.013 103
38.1 7.4452 0.1035 0.4122 0.0029 0.50 2.4262 0.0168 0.1308 0.0010 0.2301 0.1074 2225 0.013 2105 0.013 106
39.1 6.8574 0.1280 0.3845 0.0054 0.75 2.6009 0.0363 0.1296 0.0010 0.2560 0.1152 2097 0.025 2089 0.013 100
40.1 8.6036 0.1189 0.4261 0.0029 0.50 2.3469 0.0161 0.1469 0.0011 0.3499 0.1519 2288 0.013 2306 0.013 99
40.2 7.5488 0.1243 0.3893 0.0038 0.59 2.5686 0.0249 0.1409 0.0011 0.1709 0.0718 2120 0.017 2234 0.013 95
43.1 7.2217 0.0997 0.4055 0.0028 0.50 2.4661 0.0172 0.1291 0.0010 0.3080 0.1173 2194 0.013 2083 0.013 105
44.1 7.6189 0.0682 0.4176 0.0023 0.62 2.3944 0.0133 0.1322 0.0007 0.1971 0.0176 2250 0.011 2125 0.009 106
46.1 8.0941 0.0685 0.4350 0.0020 0.54 2.2990 0.0104 0.1365 0.0007 0.2065 0.0185 2328 0.009 2179 0.008 107
47.1 5.9139 0.0743 0.3439 0.0030 0.70 2.9076 0.0255 0.1264 0.0007 0.2518 0.0226 1906 0.014 2046 0.009 93
47.2 7.4895 0.0651 0.4190 0.0020 0.56 2.3866 0.0116 0.1303 0.0006 0.2220 0.0201 2256 0.009 2099 0.008 107
48.1 8.3055 0.0696 0.4446 0.0019 0.52 2.2491 0.0098 0.1367 0.0007 0.1714 0.0154 2371 0.009 2182 0.008 109
49.1 6.9450 0.0584 0.4058 0.0017 0.51 2.4644 0.0106 0.1251 0.0006 0.2900 0.0261 2196 0.008 2028 0.008 108
50.1 8.3810 0.0711 0.4445 0.0020 0.53 2.2497 0.0102 0.1373 0.0007 0.4106 0.0371 2371 0.009 2189 0.009 108
51.1 8.2724 0.0693 0.4397 0.0019 0.53 2.2741 0.0100 0.1373 0.0006 0.1906 0.0172 2349 0.009 2190 0.008 107
52.1 5.0809 0.0580 0.3340 0.0036 0.95 2.9940 0.0325 0.1099 0.0006 0.8154 0.6869 1858 0.017 1801 0.010 103
53.1 7.2109 0.0821 0.4035 0.0043 0.94 2.4781 0.0266 0.1297 0.0007 0.7852 0.6276 2185 0.020 2091 0.009 104
54.1 10.1091 0.1206 0.4637 0.0052 0.94 2.1564 0.0242 0.1585 0.0009 0.0452 0.0351 2456 0.023 2436 0.009 101
55.1 4.8068 0.0544 0.3318 0.0035 0.94 3.0137 0.0322 0.1055 0.0006 0.5143 0.3728 1847 0.017 1727 0.010 107
56.1 7.5046 0.0861 0.4085 0.0045 0.95 2.4481 0.0267 0.1327 0.0008 0.6873 0.4762 2208 0.020 2131 0.010 104
57.1 8.6834 0.1037 0.4562 0.0052 0.95 2.1920 0.0248 0.1386 0.0008 1.0043 0.6663 2423 0.023 2205 0.009 110
58.1 8.0824 0.0911 0.4268 0.0046 0.95 2.3432 0.0250 0.1376 0.0008 0.6535 0.4182 2291 0.021 2193 0.009 104
59.1 7.7039 0.0876 0.4072 0.0044 0.95 2.4559 0.0265 0.1375 0.0008 0.7806 0.4772 2202 0.020 2192 0.009 100
60.1 5.0678 0.0578 0.3389 0.0037 0.95 2.9505 0.0321 0.1089 0.0006 0.6619 0.3894 1881 0.018 1785 0.010 105
61.1 7.6115 0.0920 0.4062 0.0046 0.94 2.4619 0.0279 0.1363 0.0008 0.6401 0.3632 2197 0.021 2177 0.010 101
62.1 6.9350 0.0782 0.3918 0.0042 0.94 2.5522 0.0272 0.1291 0.0007 0.8153 0.4460 2131 0.019 2084 0.010 102
63.1 6.6243 0.0806 0.3778 0.0043 0.93 2.6470 0.0301 0.1261 0.0007 0.3901 0.2062 2066 0.020 2043 0.010 101
64.1 7.1045 0.0808 0.4069 0.0044 0.94 2.4579 0.0263 0.1273 0.0007 0.3973 0.2031 2201 0.020 2059 0.010 107
31.1 2.3569 0.0152 0.2163 0.0009 0.67 4.6235 0.0201 0.0796 0.0004 0.7490 0.2202 1262 0.005 1192 0.010 106
23.1 13.2793 0.1000 0.5270 0.0033 0.83 1.8977 0.0118 0.1836 0.0004 0.7500 0.2763 2729 0.014 2688 0.004 102
41.1 21.1689 0.2980 0.6416 0.0047 0.52 1.5585 0.0114 0.2411 0.0018 0.2305 0.0940 3195 0.018 3130 0.012 102
42.1 25.8409 0.3646 0.6871 0.0049 0.50 1.4555 0.0104 0.2745 0.0021 0.4137 0.1626 3371 0.019 3327 0.012 101
45.1 5.5590 0.0663 0.3198 0.0022 0.57 3.1271 0.0211 0.1268 0.0007 0.1589 0.0142 1789 0.011 2052 0.010 87
21.1 4.4308 0.0866 0.2647 0.0045 0.87 3.7777 0.0641 0.1216 0.0005 0.4247 0.1649 1514 0.023 1979 0.008 76
Last two analyses are not used due to discordance.
Legend as Table 1.
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GariepeRocha belts include Neoproterozoic zircons, suggesting a
major suture; it was proposed that the sources for the “Ribeira
basin” was essentially derived from the Paranapanema and Rio de
la Plata cratons, whereas for the Damara and GariepeRocha belts
source areas were from the Namaqua Belt. Henrique-Pinto et al.
(2015) also demonstrated the Paleoproterozoic and Archean sour-
ces for the Ribeira belt (São Roque Group) detrital zircons, without
Neoproterozoic ages, as well an essentially continental (cratonic)
provenance. But they suggested that the Ribeira Belt is part of the
reworked border of the São Francisco paleoplate, displaced south-
westward as a result of significant dextral orogen-parallel tectonics
during the Neoproterozoic collision (Campanha and Brito Neves,
2004) instead of a Paranapanema continent border as proposed
for example by Campos Neto (2000).
Although most of the Precambrian carbonate platforms in the
West Gondwana, like the Bambui and Corumba groups show
Criogenian to Ediacarian ages (Boggiani et al., 2005; Babinski et al.,
2008; Campanha et al., 2010, 2011; Pimentel el al., 2011), the results
presented here stress that the Lajeado Group in the Southern
Ribeira Belt must be deposited earlier, in the Tonian-Stenian in-
terval. For Bradley (2008, 2011), only two passive margins are
known from ca. 1200 to 1050 Ma, in the borders of Siberian and
Baltic cratons. Especially thick terrigenous-carbonate successions
occur at southeastern margin of the Siberian platform, the lower
Riphean (1650e1350 Ma) Uchur Group, the middle Riphean
(1350e1000 Ma) Aimchan and Kerpyl groups, the upper Riphean
(1000e650Ma) Lakhanda and Uy groups, and the Vendian Yudoma
Group (Khudoley et al., 2001).
Mesoproterozoic depositional ages in the Brazilian Shield are
known mainly for the Espinhaço Supergroup, which is composed
essentially by continental sediments comprising metasandstones,
metapelites and metaconglomerates with subordinate meta-
volcanic and carbonate rocks deposited as an intracontinental rift-
sag basin covering the São Francisco Craton and affected by the
marginal portion of the Neoproteroic Araçuai belt (Chemale Jr. et al.,
2012). Similar ages are also found in the SunsáseAguapeí province
(1.20e0.95 Ga), in the SW border of the Amazonian Craton. Its
evolution can be delineated into three steps: (1) a passive margin
represented by the Sunsás and Vibosi groups (<1.2 Ga); (2) the
collisional stage (1.11e1.00 Ga) related to the Greenvilian Amazo-
niane Laurentia collision; and (3) the post-tectonic and anorogenic
events (Litherland et al., 1986, 1989; Sadowski and Bettencourt,
1996; Teixeira el al., 2010). In the absence of evidence for Green-
vilian tectonometamorphism in the Ribeira belt, despite some
suggestion in Campanha et al. (2015), it is hard to correlate the
Apiaí terrane with the Sunsás-Aguapeí province.
Thus the Lajeado Group as a StenianeTonian passive margin
carbonate platform should be at the margin of Columbia/Nuna or
the Rodinia. Alternatively it may represent a passive margin in a
back-arc sea, as an oceanic back-arc setting has been proposed for
the regional neighboring Votuverava and São Roque groups
(Hackspacher et al., 2000; Tassinari et al., 2001; Campanha et al.,
2015) in the Apiaí terrane. But its proper position in a Meso-
proterozoic/Early Neoproterozoic paleocontinent configuration is
hard to stablish due the lack of paleomagnetic poles in the sur-
rounding cratons (Paranapanema, Luís Alves) and the allochtonous
character of the Apiaí terrane. The Paranapanema Craton (Campos
Neto, 2000; Mantovani and Brito Neves, 2005) is completely
covered by Paleozoic sedimentary rocks and was recognized by
data from deep boreholes and geophysical studies, hampering the
understanding of its geotectonic relationships. On the other hand,
the suggestion that the Ribeira (Apiaí) belt is part of the reworked
border of the São Francisco paleoplate (Henrique-Pinto et al., 2015)
is possible but still speculative.
The SHRIMP U-Pb zircon age obtained for the Apiaí Gabbro
(877 8 Ma) is coincident with the much less precise former Sm/
Nd (885 53 Ma) and Rb/Sr (850 85 Ma) isochron ages (Daitx
et al., 1990; Oliveira et al., 2002) and is interpreted as the
emplacement age. Two rim sites on the edge of grain 4 with ages at
around 600 Ma and low Th/U ratios are roughly coeval with a
former discordant U-Pb age in one zircon grain and monazite
fraction, (Hackspacher et al., 2000) as well as the timing of
Table 3













Age (Ma) % Conc
6/38 Error 7/6 Error
1.1 e.osc.r 214.0 0.62 80 2 0.33997 0.01298 5.43811 0.22162 0.11601 0.00119 1887 63 1896 19 100
3.1 e.osc.p 305.8 0.48 117 2 0.35472 0.01182 5.65316 0.19673 0.11559 0.00077 1957 57 1889 12 104
4.1 e.osc.rp 209.5 0.83 76 0 0.31374 0.00923 4.62976 0.15178 0.10703 0.0012 1759 45 1749 21 101
5.1 e.osc.eq 132.2 0.76 46 0 0.29828 0.00565 4.46873 0.11241 0.10866 0.00156 1683 28 1777 26 95
7.1 e.osc.fr 211.3 0.51 73 4 0.32371 0.00994 4.90242 0.16472 0.10984 0.00114 1808 49 1797 19 101
8.1 e.osc.p 379.8 0.75 163 7 0.37308 0.01077 6.47213 0.19321 0.12582 0.0006 2044 51 2040 8 100
10.1 e.osc.fr 130.4 0.81 40 3 0.26926 0.00716 3.43569 0.10673 0.09254 0.00121 1537 36 1479 25 104
11.1 e.osc.p 129.5 0.96 57 0 0.36694 0.00931 6.08829 0.18075 0.12034 0.00151 2015 44 1961 23 103
12.1 e.osc.p 131.3 0.64 60 1 0.40413 0.0103 7.24322 0.21168 0.12999 0.00149 2188 47 2098 20 104
13.1 e.osc.r 125.6 0.72 43 0 0.30124 0.00982 4.52439 0.15607 0.10893 0.00086 1697 49 1782 14 95
15.1 e.h.fr 460.7 0.67 190 1 0.36461 0.01276 6.06085 0.22133 0.12056 0.00084 2004 61 1965 12 102
16.1 m.osc.r 167.8 0.40 42 2 0.24376 0.00749 2.96961 0.09924 0.08836 0.00087 1406 39 1390 19 101
17.1 m.osc.r 243.6 0.86 91 1 0.32073 0.00837 4.86994 0.13457 0.11012 0.00071 1793 41 1801 12 100
18.1 m.hb.eq 151.2 0.41 50 0 0.31464 0.00708 4.71635 0.12687 0.10872 0.00132 1763 35 1778 22 99
19.1 e.osc.fr 348.1 1.00 133 1 0.31794 0.00688 4.73461 0.1092 0.108 0.00062 1780 34 1766 11 101
20.1 e.hd.fr 224.2 0.69 117 4 0.44108 0.05892 11.5633 1.55401 0.19014 0.00107 2355 269 2743 9 86
2.1 e.osc.p 803.8 0.67 249 16 0.27497 0.01406 4.17537 0.21748 0.11013 0.00059 1566 72 1802 10 87
6.1 e.h.p 495.3 0.69 161 21 0.29334 0.01065 4.34009 0.16283 0.10731 0.00064 1658 53 1754 11 95
9.1 e.osc.p 570.8 0.73 190 24 0.29404 0.00587 4.71923 0.10454 0.1164 0.00086 1662 29 1902 13 87
14.1 e.osc.p 286.8 0.39 120 16 0.39176 0.01128 6.93707 0.20895 0.12843 0.00076 2131 52 2077 11 103
x.y: grain number followed by analysis number.
Grain habit: p ¼ prism, eq ¼ equant, fr ¼ fragment, r ¼ rounded, rp ¼ rounded prism.
Site: e ¼ end or edge, m ¼ middle, r ¼ rim/overgrowth.
CL image microstructure: osc ¼ oscillatory zoning, h ¼ homogeneous (d ¼ dark or b ¼ bright).
U-Pb data corrected for non-radiogenic Pb based on measured 204Pb and 2000 Ma model Pb of Cumming and Richards (1975).
All uncertainties are 1s.
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emplacement of neighboring granite intrusions (Hackspacher et al.,
2000; Salazar et al., 2013) and are probably associated with the
slight hydrothermal alteration observed in the gabbro. The Apiaí
Gabbro displays similar age to other intrusive basic rocks in the
Lajeado (Maniesi, 1997; Maniesi and Oliveira, 2000, 2002; Oliveira
et al., 2002) and Itaiacoca (Siga Jr. et al., 2009) groups. They
represent a tholeiitic magmatism possibly related to the initial
break-up of the Rodinia continent and the formation of the Brasi-
liano oceans.
7. Conclusions
(1) The maximum age of deposition for the Lajeado Group is given
by the youngest detrital zircons with ages of 1400e1200 Ma,
whereas its youngest age is constrained by the Apiaí Gabbro
intrusion at 877 8 Ma. This gives a StenianeTonian age in-
terval for its deposition.
(2) The source areas for the Lajeado Group are mainly Palae-
oproterozoic (2200e1800 Ma) with some Archean and Meso-
proterozoic (1500e1200 Ma) and of distal or tectonic stable
cratonic character.
(3) The passive margin sequence represented by the Lajeado
Group thus formed in late Mesoproterozoic to the early Neo-
proterozoic, and is markedly older than the more widespread
Gondwanan late Neoproteroic passive margin and carbonate
platforms sequences formed upon the breakup of Rodinia.
(4) The StenianeTonian Lajeado Group represents a carbonate
platform passive margin of a continent at this time, namely
Columbia/Nuna or Rodinia.
(5) The Apiaí Gabbro and other similar intrusive basic rocks in the
Lajeado and Itaiacoca groups represent tholeiitic magmatism
possibly related to the initial break-up of the Rodinia continent
and the formation of the Brasiliano oceans.
Acknowledgments
The authors would like to thank the Fundação de Amparo à
Pesquisa do Estado de São Paulo e FAPESP, grants 01/13457-1 and
06/01327-0, for financial support. The authors wish to thank Liu
Dunyi for access to the Beijing SHRIMP Center for undertaking some
of the analyses presented here. A. Nutman wishes to thank the
GeoQuEST Research Centre of the University of Wollongong for
support.
References
Almeida, F.F.M., de Amaral, G., Cordani, U.G., Kawashita, K., 1973. The Precambrian
evolution of the South American cratonic margin south of Amazon River. In:
Nairn, E.M., Stehli, F.G. (Eds.), The Ocean Basins and Margins, vol. 1. Plenun, New
York, pp. 411e446.
Amaral, G., Cordani, U.G., Kawashita, K., Reynolds, I.H., 1966. Potassium-Argon dates
of basaltic rocks from southern Brazil. Geochemical et Cosmochemical Acta 30
(2), 159e189.
Archanjo, C.J., Campanha, G.A.C., Salazar, C.A., Launeau, P., 2012. Using AMS com-
bined with mineral shape preferred orientation analysis to understand the
emplacement fabrics of the Apiaí gabbro-norite (Ribeira Belt, SE Brazil). Inter-
national Journal of Earth Sciences 101, 731e745.
Babinski, M., Boggiani, P.C., Fanning, M., Simon, C.M., Sial, A.N., 2008. U-Pb shrimp
geochronology and isotope chemostratigraphy (C, O, Sr) of the Tamengo For-
mation, southern Paraguay belt, Brazil. In: VI South American Symposium on
Isotope Geology. San Carlos de Bariloche. Proceedings, 2008.
Boggiani, P.C., Babinski, M., Yamamoto, J.K., Fairchild, T.R., Ricomini, C.,
Diratgitch, A.A., Liu, D., 2005. U-Pb SHRIMP investigation of ash beds in the
Corumbá Group (Ediacaran), Paraguay Belt, Brazil. In: Symposium on Neo-
proterozoic Early Paleozoic Events in Southweatern Gondwana, 2., 2005,
Windhoek - Namibia, pp. 8e9. Abstracts. Windhoek - Namibia: IGCP-478.
Barbosa, O., 1941. Geologia e petrologia na região de Apiaí, Estado de São Paulo.
Escola Politécnica da Universidade de São Paulo, São Paulo, p. 76 (PhD. thesis).
Barbour, A.P., Brito Neves, B.B., Medeiros, R.A., 1990. Algumas Implicações Tectôn-
icas na Gênese das Mineralizações Sulfetadas do Tipo Panelas no Vale do
Ribeira, SP e PR. Revista Brasileira de Geociências 20 (le4), 46e54.
Basei, M.A.S., Frimmel, H.E., Nutman, A.P., Preciozzi, F., Jacob, J., 2005. A connection
between the Neoproterozoic Dom Feliciano (Brasil/Uruguay) and Gariep
(Namibia/south Africa) orogenic belts - evidence from a reconnaissance prov-
enance study. Precambrian Research 139, 195e221.
Basei, M.A.S., Frimmel, H.E., Nutman, A.P., Preciozzi, F., 2008. West Gondwana
Amalgamation Based on Detrital Zircon Ages from Neoproterozoic Ribeira and
Dom Feliciano Belts of South America and Comparison with Coeval Sequences
from SW Africa. Special Publications 294. Geological Society, London,
pp. 239e256.
Bigarella, J.J., 1948. Estudos preliminares na Série Açungui. II. Rochas calcáreas.
Arquivos de Biologia e Tecnologia, Instituto de Biologia e Pesquisas Tecnológ-
icas, Curitiba 3, 201e354.
Bradley, D.C., 2008. Passive margins through earth history. Earth-Science Reviews
91, 1e26.
Bradley, D.C., 2011. Secular trends in the geologic record and the supercontinent
cycle. Earth-Science Reviews 108, 16e33.
Campanha, G.A.da C., 1991. Tectônica Proterozóica no Alto e Médio Vale do Ribeira,
Estados de São Paulo e Paraná (Ph. D. thesis). Instituto de Geociências da Uni-
versidade de São Paulo, São Paulo, p. 296. anexos.
Campanha, G.A. da C., 2002. O papel do sistema de zonas de cisalhamento trans-
correntes na configuração da porção meridional da Faixa Ribeira (Associate
Professor Thesis). Instituto de Geociências da Universidade de São Paulo, p. 105,
5 anexos.
Campanha, G.A.C., Brito Neves, B.B., 2004. Frontal and oblique tectonics in the
Brazilian shield. Episodes 27, 255e259.
Campanha, G.A. da C., et al., 1985. Geologia das folhas Iporanga (SG.22-X-B-V-2) e
Gruta do Diabo (SG.22-X-B-VI-1), Estado de São Paulo. São Paulo. Contrato IPT/
Pró-Minério (IPT. Relatório, 22 352).
Campanha, G.A. da C., Gimenez Filho, A., Caetano, S.L.V., Pires, F.A., Dantas, A.S.L.,
Teixeira, A.L., Dehira, L.K., 1986. Geologia e estratigrafia da região das folhas
Iporanga e Gruta do Diabo, Vale do Ribeira, São Paulo. In: Congresso Brasileiro
de Geologia, 34, Goiânia, 1986. Anais... Goiânia, SBG, vol. 2, pp. 1058e1073.
Campanha, G.A. da C., Bistrichi, C.A., Almeida, M.A. de, 1987. Considerações sobre a
organização litoestratigráfica e evolução tectônica da Faixa de Dobramentos
Apiaí. In: SIMP. SUL-BRASIL. GEOL., 3, Curitiba, 1987. Atas... Curitiba, SBG, vol. 2,
pp. 725e742.
Campanha, G.A.C., Basei, M.A.S., Tassinari, C.C.G., Nutman, A.P., Faleiros, F.M.,
2008b. U-Pb SHRIMP and Sm-Nd analysis for Ribeira Belt mesoproterozoic
and neoproterozoic terranes. In: VI South American Symposium on Isotope
Geology, 2008. Ingeis, Buenos Aires, p. 4. San Carlos de Bariloche. Short Paper,
CD-ROM.
Campanha, G.A.C., Basei, M.S., Tassinari, C.C., Nutman, A.P., Faleiros, F.M., 2008a.
Constraining the age of the Iporanga formation with SHRIMP U-Pb zircon:
implications for possible Ediacaran glaciation in the Ribeira Belt, SE Brazil.
Gondwana Research 13 (1), 117e125.
Campanha, G.A.C., Faleiros, F.M., Basei, M.A.S., Tassinari, C.C.G., Nutman, A.P.,
Vasconcelos, P.M., 2015. Geochemistry and age of mafic rocks from the Votu-
verava Group, southern Ribeira Belt, Brazil: evidence for 1490 Ma oceanic back-
arc magmatism. Precambrian Research 266, 530e550.
Campanha, G.A.C., Sadowski, G.R., 1999. Tectonics of the southern portion of the
Ribeira Belt (Apiaí domain). Precambrian Research 98, 31e51.
Campanha, G.A.C., Boggiani, P.C., Sallun Filho, W., Sá, F.R., Zuquim, M.P.S.,
Piacentini, T., 2011. A faixa de dobramento Paraguai na Serra da Bodoquena e
depressão do Rio Miranda, Mato Grosso do Sul. Geologia USP. Série Científica 11,
79e96.
Campanha, G.A. da C., Warren, L., Boggiani, P.C., C.H., Cáceres, A.A., 2010. Structural
analysis of the Itapucumi group in the Vallemi region, Northern Paraguay:
evidence of a New Brasiliano e Pan-African Mobile Belt. Journal of South
American Earth Sciences 30 (1), 1e11. Elsevier.
Campos Neto, M. da C., 1983. Contribuição à litoestratigrafia do Grupo Açungui no
sudeste do Estado de São Paulo. In: Simpósio Regional de Geologia, 4, São Paulo,
1983. Atas... São Paulo, SBG, pp. 103e112.
Campos Neto, M.C., Figueiredo, M.C.H., 1995. The Rio Doce Orogeny, Southeastern
Brazil. Journal of South American Earth Sciences 8 (2), 143e162. Pergamon
Press.
Campos Neto, M. da C., 2000. Orogenic systems from Southwestern Gondwana: an
approach to Brasiliano - Pan African cycle and orogenic collage in Southeastern
Brazil. In: Cordani, U.G. (Ed.), Tectonic Evolution of South America. Rio de
Janeiro, pp. 335e365.
Chemale Jr., F., Dussin, I.A., Alkmim, F.F., Martins, M.S., Queiroga, G., Armstrong, R.,
Santos, M.N., 2012. Unravelling a Proterozoic basin history through detrital
zircon geochronology: the case of the Espinhaço Supergroup, Minas Gerais,
Brazil. Gondwana Research 22, 200e206.
Chiodi Filho, C., 1984. Contribuição à geologia das regiões sul paulista e leste par-
anaense, Grupos Açungui e Setuva. In: Congresso Brasileiro De Geologia, 33, Rio
de Janeiro, 1984. Anais... Rio de Janeiro, SBG, vol. 5, pp. 2394e2406.
Chiodi Filho, C., Santos, J.F., Soares, P.C., Moretzjohn, J.S., 1989. Estudo de ETR para
caracterização e avaliação metalogenética de granitóides no escudo paranaense.
In: Congresso Brasileiro de Geoquímica, 2, Rio de Janeiro. Anais.
Compston, W., Williams, I.S., Meyer, C., 1984. U-Pb Geochronology of zircons from
lunar breccia 73217 using a sensitive high mass-resolution ion microprobe.
Journal of Geophyical Research. Section. B 89, 534.
G.A.C. Campanha et al. / Geoscience Frontiers 7 (2016) 683e694692
Cumming, G.L., Richards, J.R., 1975. Ore lead isotope ratios in a continuously
changing Earth. Earth and Planetary Science Letters 28, 155e171.
Daitx, E.C., et al., 1983. Projeto Anta Gorda, mapeamento geológico da área norte,
fase III. Convênio DNPM/CPRM, São Paulo (unpublished report).
Daitx, E.C., Teixeira, W., Zanardo, A., 1990. Geologia e geocronologia do metagabro
de Apiaí, Vale do Ribeira, SP. In: Congresso Brasileiro de Geologia, 36. Boletim de
Resumos, Natal, p. 341.
Dias, M.V.F., Salazar Jr., O., 1987. Geologia da Seqüência Antinha - Grupo Açungui,
PR. In: Simpósio Sul Brasileiro Geologia, 3, Curitiba, 1987. Atas... Curitiba, SBG,
vol. 1, pp. 263e279.
Dürr, S.B., Dingeldey, D.P., 1996. The Kaoko belt (Namibia): Part of a late Neo-
proterozoic continental-scale strike-slip system. Geology 24, 503e506.
Faleiros, F.M., Campanha, G. A. da C., Martins, L., Vlach, S.R.F., Vasconcelos, P.M.,
2011. Ediacaran high-pressure collision metamorphism and tectonics of the
southern Ribeira Belt (SE Brazil): evidence for terrane accretion and dispersion
during Gondwana assembly. Precambrian Research 189, 263e291.
Faleiros, F.M., Campanha, G.A.C., Bello, R.M.S., Fuzikawa, K., 2010. Quartz recrys-
tallization regimes, c-axis texture transitions and fluid inclusion reequilibration
in a prograde greenschist to amphibolite facies mylonite zone (Ribeira Shear
Zone, SE Brazil). Tectonophysics 485, 193e214.
Faleiros, F.M., Morais, S.M., Costa, V.S., 2012. Geologia e Recursos Minerais da Folha
Apiaí - SG.22-X-B-V - Estados de São Paulo e Paraná, escala 1:100.000,1. ed, vol.1.
ProgramaGeologia do Brasil, CPRM-Serviço Geológico do Brasil, São Paulo, p.107.
Frascá, M.B.H.O., Campanha, G.A.C., Figueiredo, M.C.H., Sadowski, G.R., 1997.
Geoquímica e ambiência tectônica de metabasitos do alto e médio Vale do
Ribeira, São Paulo e Paraná. Revista Brasileira de Geociências 27, 41e48.
Geofrey, D.R., Santos, T.D. de S., 1942. Nota sobre a geologia de Apiaí. Mineração e
Metalurgia 6 (33), 109e110. São Paulo.
Grotzinger, J.P., James, N.P., 2000. Precambrian carbonates: evolution of under-
standing. In: Grottzinger, J.P., James, N.P. (Eds.), Carbonate Sedimentation and
Diagenesis in the Evolving Precambrian World. SEPM e Society for Sedimentary
Geology, Tulsa, Oklahoma, pp. 3e20. Special Publications n. 67.
Gimenez Filho, A., 1993. Evolução do Complexo Granítico de Três Córregos, a nor-
oeste de Apiaí - SP (MSc. dissertation). Instituto de Geociências da Universidade
de São Paulo, São Paulo, p. 118.
Gimenez Filho, A., Teixeira, W., Figueiredo, M.C.H., Trevizoli Jr., L., 1995. Geologia,
Petrografia e litogeoquímica do Complexo Granítico Três Córregos na região de
Barra do Chapéu e Ribeirão Branco, SP. Revista Brasileira de Geociências 25 (2),
92e106. São Paulo.
Hackspacher, P.C., Dantas, E.L., Spoladore, A., Fetter, A.H., Oliveira, M.A., 2000. Evi-
dence of Neoproterozoic backarc basin development in the central Ribeira Belt,
southeastern Brazil: new geological and geochemical constraints from the São
Roque e Açungui Groups. Revista Brasileira de Geociências 30 (1), 110e114.
Hasui, Y., Cremonini, O.A., Born, H., 1984. Considerações sobre o Grupo Açungui em
São Paulo e porção adjacente do Paraná. In: Congresso Brasileiro ee Geologia,
33, Rio de Janeiro, 1984. Anais... Rio de Janeiro, SBG, vol. 7, pp. 3297e3306.
Hasui, Y., Carneiro, C.D.R., Coimbra, A.M., 1975. The Ribeira folded Belt. Revista
Brasileira de Geociências 5 (4), 257e262.
Heilbron, M., Pedrosa-Soares, A.C., Campos Neto, M.da C., Silva, L.C., Trouw, R.A.,
Janasi, V.C., 2004. Província Mantiqueira. In: Mantesso-Neto, et al. (Eds.), Geo-
logia do Continente Sul Americano: Evolução da Obra de Fernando Flávio
Marques de Almeida, pp. 203e234.
Henrique-Pinto, R., Janasi, V.A., Vasconcellos, A.C.B.C., Sawyer, E.W., Barnes, S.J.,
Basei, M.A.S., Tassinari, C.C.G., 2015. Zircon provenance in meta-sandstones of
the São Roque Domain:Implications for the Proterozoic evolution of the Ribeira
Belt, SE Brazil. Precambrian Research 256, 271e288.
Janasi, V.A., Leite, R.J., Van Schmus, W.R., 2001. U-Pb ages and chronostratigraphy of
the granitic magmatism in the Agudos Grandes batholith (W of Sao Paulo,
Brazil) e implications for the evolution of the Ribeira Belt. Journal of South
American Earth Sciences 14, 363e376.
Khudoley, A.K., Rainbird, R.H., Stern, R.A., Kropachev, A.P., Heaman, L.M.,
Zanin, A.M., Podkovyrov, V.N., Belova, V.N., Sukhorukov, V.I., 2001. Sedimentary
evolution of the RipheaneVendian basin of southeastern Siberia. Precambrian
Research 111, 129e163.
Litherland, M., Annels, R.N., Appleton, J.D., Berrange, J.P., Boomfield, K.,
Darbyshire, D.P.F., Fletcher, C.J.N., Hawkins, M.P., Klinck, B.A., Mitchell, W.I.,
O’Connor, E.A., Pitfield, P.E.J., Power, G., Webb, B.C., 1986. The geology and
mineral resources of the Bolivian Precambrian shield. Overse as memoir. British
Geological Survey 9, 153.
Litherland, M., Annels, R.N., Hawkins, M.P., Klinck, B.A., O’Connor, E.A., Pitfield, P.E.J.,
Power, G., Darbyshire, D.P.F., Fletcher, C.N.J., Mitchell, W.I., Webb, B.C., 1989. The
Proterozoic of eastern Bolivia and its relationships to the Andean mobile belt.
Precambrian Research 43, 157e174.
Ludwig, K.R., 1999. Isoplot: a Plotting and Regression Program for Radiogenic-
isotope Data, for IBM-PC Compatible Computers version 2.10b.
Maniesi, V., 1997. Petrologia das rochas anfibolíticas das regiões de Adrianópolis,
Campo Largo e Rio Branco do Sul/PR (Ph. D. thesis). Instituto de Geociências e
Ciências Exatas, Universidade Estadual Paulista, Rio Claro, p. 215.
Maniesi, V., Oliveira, M.A.F., 2000. Petrogênese do metabasitos com afi nidades dos
toleítos de fundo oceânico das regiões de Adrianópolis e Campo Largo/PR.
Revista Brasileira de Geociências 30, 607e614.
Maniesi, V., Oliveira, M.A.F., 2002. Metabasitos com afinidades dos basaltos koma-
tiíticos da região de Rio Branco do Sul/PR. Revista Brasileira de Geociências 32,
163e168.
Mantovani, M.S.M., Brito Neves, B.B., 2005. The Paranapanema lithospheric block:
its importance for Proterozoic (Rodinia, Gondwana) supercontinent theories.
Gondwana Research 8, 303e315.
Marini, O.J., Bigarella, J.J., 1967. Rochas calcárias do Grupo Açungui. Boletim Para-
naense de Geociências Curitiba 23e25, 105e150.
Metal Mining Agency of Japan. Japan International Cooperation Agency, 1981.
Report on Geological Survey of Anta Gorda; Phase 1. Convênio DNPM/MMAJ/
JICA. (unpublished report).
Metal Mining Agency of Japan. Japan International Cooperation Agency, 1982.
Report on Geological Survey of Anta Gorda; Phase 2. Convênio DNPM/MMAJ/
JICA. (unpublished report).
Metal Mining Agency of Japan. Japan International Cooperation Agency, 1983.
Report on Geological Survey of Anta Gorda; Phase 3. Convênio DNPM/MMAJ/
JICA. (unpublished report).
Morgental, A., et al., 1975. Projeto Sudelpa; relatório final, geologia. São Paulo.
Convênio SUDELPA/CPRM, 18 v. (unpublished report).
Nobrega, J.E.S., Giannini, P.C.F., Sawakuchi, A.O., Campanha, G.A.C., Faleiros, F.M.,
2006. Minerais pesados e petrografia dos Subgrupos Lajeado e Ribeira (Super-
grupo Açungui), Vale do Ribeira, SP: um estudo de proveniência e paleo-
geografia. In: XLIII Congresso Brasileiro de Geologia, 2006, Aracaju, SE. Anais.
Sociedade Brasileira de Geologia, Aracaju-SE, pp. 286e286.
Oliveira, M.A.F., et al., 2002. Caracterização isotópica de metabasitos e anfibolitos
dos grupos Açungui e Setuva na porção sul da faixa Ribeira. Geologia USP, Série
Científica 2, 161e170. São Paulo.
Oliveira, M.A.F. de, Maniesi, V., Nardy, A.J.R., 2012. Litogeoquímica, química mineral
e termobarometria do Metagabro de Apiaí, SP. Geociências UNESP 31 (4),
665e680.
Prazeres Filho, H.J., 2005. Caracterização geológica e petrogenética do Batólito
Granítico Três Córregos (PR-SP): Geoquímica isotópica (Nd-Sr-Pb), idades
(IDTIMS/SHRIMP) e 18O em zircão (Doctor of Science Thesis). Geosciences
Institute, University of São Paulo, p. 207.
Petri, S., Suguio, K., 1969. Sobre os metassedimentos do extremo sul do Estado de
São Paulo. São Paulo, convênio USP/DAEE (Publicação especial).
Pimentel, M.M., Rodrigues, J.B., DellaGiustina, M.E.S., Junges, S., Matteini, M.,
Armstrong, R., 2011. The tectonic evolution of the Neoproterozoic Brasília Belt,
central Brazil, based on SHRIMP and LA-ICPMS U-Pb sedimentary provenance
data: a review. Journal of South American Earth Sciences 31, 345e357.
Piper, J.D., 2013. A planetary perspective on Earth evolution: lid tectonics before
plate tectonics. Tectonophysics 589, 44e56.
Pires, F.A., 1988. Uma nova concepção para os ambientes do Grupo Açungui, na
região de Iporanga e Apiaí, sul de São Paulo. In: Congresso Brasileiro de Geo-
logia, 35. Belém, 1988. Anais... Belém, SBG, vol. 2, pp. 606e616.
Pires, F.A., 1990. Análise paleoambiental e estratigráfica de seqüências meta-
ssedimentares (Grupo Açungui), na região de Iporanga e Apiaí- SP (MSc.
dissertation). Instituto de Geociências da Universidade de São Paulo, São
Paulo.
Pires, F.A., 1991. Faciologia e análise paleoambiental da Seqüência Deposicional
Furnas - Lajeado (Gr. Açungui) de idade proterozóica. Revista Brasileira de
Geociências 21 (4), 355e362.
Porada, H., 1979. The Damara-Ribeira Orogen of the Pan-African - Brazilian cycle in
Namibia (South West Africa) and Brazil as interpretation in terms of continental
collision. Tectonophysics 57, 237e265. Amsterdam.
Reis Neto, J.M. dos, 1994. Faixa Itaiacoca: registro de uma colisão entre dois blocos
continentais no Neoproterozóico (Ph. D. thesis). Instituto de Geociências da
Universidade de São Paulo, São Paulo, p. 253. anexos.
Roberts, N.M.W., 2013. The boring billion? Lid tectonics, continental growth
andenvironmental change associated with the Columbia supercontinent. Geo-
science Frontiers 4 (6), 681e691.
Roberts, N.M.W., Slagstad, T., Viola, G., 2015. The structural, metamorphic and
magmatic evolution of Mesoproterozoic orogens. Precambrian Research 265,
1e9.
Rogers, J.J., Santosh, M., 2009. Tectonics and surface effects of the supercontinent
Columbia. Gondwana Research 15 (3), 373e380.
Sadowski, G.R., Bettencourt, J.S., 1996. Mesoproterozoic tectonic correlations be-
tween eastern Laurentia and the western border of the Amazonian Craton.
Precambrian Research 76, 213e227.
Salazar, C.A., Archanjo, C.J., Rodrigues, S.W.O., Hollanda, M.H.B.M., Liu, D., 2013. Age
and magnetic fabric of the Três Córregos granite batholith:evidence for Edia-
caran transtension in the Ribeira Belt (SE Brazil). International Journal of Earth
Sciences (Geol Rundsch) 102, 1563e1581.
Siga Jr., O., Basei, M.A.S., Sato, K., Passarelli, C.R., Nutman, A., McReath, I., Prazeres
Filho, H., 2011. Calymmian (1.50e1.45 Ga) magmatic records in Votuverava and
Perau sequences, south-southeastern Brazil: Zircon ages and Nd-Sr isotopic
geochemistry. Journal of South American Earth Sciences 32, 301e308.
Siga Junior, O., Basei, M.A.S., Passarelli, C.R., Sato, K., Cury, L.F., McReath, I., 2009.
Lower and upper Neoproterozoic magmatic records in Itaiacoca Belt (Paraná-
Brazil): Zircon ages and lithostratigraphy studies. Gondwana Research 15,
197e208.
Silva, A.T.S.F., et al., 1981. Projeto integração e detalhe geológico no Vale do Ribeira;
relatório final de integração geológica. São Paulo, Convênio DNPM/CPRM. 15 v.
(unpublished report).
Steiger, R.H., Jager, E., 1977. Subcommission on geochronology: convention on the
use of decay constants in geo- and cosmochronology. Earth Planetary Science
Letters 36, 359e362.
G.A.C. Campanha et al. / Geoscience Frontiers 7 (2016) 683e694 693
Stern, R.A., 1998. High-resolution SIMS determination of radiogenic trace-isotope
ratios in minerals. In: Cabri, L.J., Vaughan, D.J. (Eds.), Modern Approaches to
Ore and Environmental Mineralogy. Mineralogical Association of Canadá,
Ottawa, pp. 241e267 (Short Course Handbook, 27).
Takahashi, A.T., et al., 1986. Projeto Engenheiro Maia - Ribeirão Branco; relatório
final. São Paulo, contrato CPRM/Pró- Minério. (unpublished report).
Tassinari, C.C.G., Barbour, A.P., Daitx, E.C., Sato, K., 1990. Aplicação dos isótopos de
Pb e Sr na determinação da natureza das fontes das mineralizações de chumbo
do Vale do Ribeira - São Paulo e Paraná. In: Congresso Brasileiro de Geologia, 36,
Natal, 1990. Anais... Natal, SBG, vol. 3, pp. 1254e1266.
Tassinari, C.C.G., Munha, J.M.U., Ribeiro, A.A., Correia, C.T., 2001. Neoproterozoic
oceans in the Ribeira Belt (Southeastern Brazil): the Pirapora do Bom Jesus
Ophiolitic complex. Episodes, Beijing 24 (4), 245e252.
Teixeira, W., Geraldes, M.C., Matos, R., Ruiz, A.S., Saes, G., Vargas-Mattos, G., 2010.
A review of the tectonic evolution of the Sunsás belt, SW Amazonian Craton.
Journal of South American Earth Sciences 29, 47e60.
Theodorovicz, A., CÂmara, M.M., TakahaShi, A.T., Moraes, S.M., Godoy, H.K., 1988.
Geologia do Pré-Cambriano das folhas Engenheiro Maia e Ribeirão Branco, São
Paulo. In: Congresso Brasileiro de Geologia, 35, Belém, 1988. Anais... Belém, SBG,
vol. 6, pp. 2713e2726.
Wernick, E., Rigo Jr., L., Galembeck, T.M.B., Weber-diefenbach, 1990. Os complexos
granitóides Cunhaporanga e Três Córregos (PR): zoneamento magmático e
implicações geotectônicas. Geociências 9, 67e85. Rio Claro. Universidade
Estadual Paulista.
Williams, I.S., 1998. U-Th-Pb geochronology by ion microprobe. Reviews in Eco-
nomic Geology 7, 1e35.
G.A.C. Campanha et al. / Geoscience Frontiers 7 (2016) 683e694694
